wafl/cip1 was positive in 32.4, 72.7 and 71.4% of the cases, respectively. All the tumors were positive for p53. Tumors with lymph node invasion presented with overexpression (+4) of p53 in 47% of the cases vs. 17% of patients who did not have lymph node involvement. Therefore, higher expression of p53, p21 ras and p21 wafl/cip1 in the tumor exhibited a statistically significant association with lymph node involvement.
Introduction
The incidence and mortality rates of gastric cancer are high, mainly in Western countries, with an estimated 989,600 new gastric cancer cases and 738,000 deaths in 2008, accounting for 8% of the total cancer cases and 10% of total cancer-related deaths (1) . Asia, Eastern Europe and South America are the principal regions of gastric cancer occurrence, which may be associated with dietary variables and the high prevalence of Helicobacter pylori (H. pylori) infection (2) . However, the gastric carcinoma rates worldwide have decreased markedly (3) .
The biology of gastric cancer is associated with the activity of several molecular markers, which are correlated with the risk of lymph node invasion and metastasis; among these markers, p21 ras , p53, p21
, p27 kip1 and p16 ink4a currently appear to be inherently correlated with gastric cancer behavior (4) (5) (6) (7) (8) . These markers are differentially expressed, depending on the gastric carcinoma type (9) . Well-documented series of tumors with specific immunohistochemical antibodies reported an association between protein expression and clinical outcome (10) . Patients with gastric cancer merely invading the mucosal space have a very low incidence of lymph node metastasis, whereas up to 20% of cases with submucosal invasion had nodal metastasis, requiring lymphadenectomy for complete disease removal (11) . As the majority of reports have focused on invasive gastric cancer, the aim of the present study was to investigate a series of early gastric cancers and examine the expression of the p53, p16 ink4a , p21 waf1/cip1 , p21 ras and p27 kip1̸cip1 proteins in normal, metaplastic and mucosal tumor tissues, and determine the positive and negative correlations with the risk of lymph node metastasis in early gastric cancer patients with submucosal invasion submitted to gastrectomy with D2 lymphadenectomy.
Patients and methods
Patients. Cases were retrospectively assessed from the files of the Gastric Cancer Database of Hospital das Clínicas of the University of São Paulo School of Medicine (São Paulo, Brazil), between 1971 and 2004. Records from 1,989 patients with gastric cancer were selected. The inclusion criteria were as follows: Patients with primary gastric adenocarcinoma with submucosal invasion who had been submitted to gastrectomy with D2 lymphadenectomy, with at least 15 lymph nodes isolated from the surgical specimen. Patients with previous gastric surgery and gastric stump cancer were excluded. From the 120 patients with submucosal early gastric cancer (EGC), 81 patients fulfilled the inclusion criteria for the present study. ; for p21 ras , cytoplasmic staining alone was considered as a positive reaction; and for p16 ink4a , cytoplasmic or nuclear staining was accepted as a positive reaction. The negative control was obtained without the primary antibody incubation stage. The positive immunoreaction quantification was as follows: The samples were quantified in 5 categories: 0, no cells stained; 1+, ≤10% positive cells; 2+, 11-25% positive cells; 3+, 26-50% positive cells; and 4+, >51% positive cells. The significance of each category was correlated with the pathological variables, avoiding establishing an arbitrary cut-off point. The association analysis between the clinical data and marker positivity was performed using the Chi-squared test. The level of significance was set at 5% (α= 0.05).
Positive controls for the anti-p21 ras , anti-p21 wafl/cip1 and anti-p27 kip1 antibodies, were normal amygdale. For the anti-p53 antibody, the positive control was pulmonary adenocarcinoma. High-grade cervical intraepithelial neoplasia was used as control for anti-p16 ink4a . Nuclear brown staining was considered as a positive reaction for p53, p21
waf1/cip1 and p27
kip1
; for p21 ras , cytoplasmic staining alone was considered as a positive reaction; and for p16 ink4a , cytoplasmic or nuclear staining was accepted as a positive reaction. The negative control was obtained without the primary antibody incubation stage.
Positive immunoreaction quantification. The samples were quantified in five categories: 0, no cells stained; 1+, ≤10% positive cells; 2+, 11-25% positive cells; 3+, 26-50% positive cells; and 4+, >51% positive cells. The significance of each category was correlated with the pathological variables, avoiding establishing an arbitrary cut-off point. The association analysis between the clinical data and marker positivity was performed using the Chi-squared test. The level of significance was set at 5% (α= 0.05).
Results

Patient characteristics.
A total of 81 complete cases were obtained, including tumoral, normal and metaplastic mucosa. There was lymph node invasion in 11 patients (13.6%). It was not possible to recover the lymph node samples with cancer invasion from the paraffin blocks in 8 cases. The epidemiological and clinical characteristics of the patients are listed in Table II . There were no significant differences between the tumor markers and patient sex (Pearson's Chi-squared test = 2.06 and P=0.55). There was no significant association between recurrence and expression of the markers (Pearson's Chi-squared test = 0.76 and P=0.99). The intestinal type was the most common according to the Lauren classification (45 patients, 55.5%). The diffuse type was observed in 25 (30.9%) patients and the mixed type in 11 (13.5%) patients.
Immunohistochemical reactions. All the immunohistochemical reactions are summarized in Table III 
Discussion
The results herein observed endorse, in part, the data available in the literature. Despite the excellent prognosis of early gastric adenocarcinoma when there is no lymph node metastasis, the majority of the markers correlated with cancer aggressiveness are associated with early stages of carcinoma invasion. Studies using immunohistochemical markers have the limitation inherent to the semi-quantification of the positive reactions (5-7).
There is robust experimental evidence that genetic alterations and risk factors differ according to the histological type (13) . Our results revealed significant differences between neoplastic and non-neoplastic protein expression, which corroborate, in part, the evidence observed in experimental settings. Normal mucosa exhibited p21 ras positivity in 81.1% of the patients with intestinal type carcinoma, 86.4% with diffuse type, and 100% with mixed type, as previously reported (14) . The prognostic value of p21 ras in intestinal type carcinomas remains disputable (15). 
Antibody -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------and Normal mucosa
Metaplastic mucosa Tumor Hyperexpression of p21 waf1/cip1 was observed in diffuse and mixed type tumors, and the diffuse type included more cases with loss of expression of p21 waf1/cip1 . These results were quite different from other studies that did not observe differences in p21 waf1̸cip1 expression among the histological types of gastric carcinoma (16) (17) (18) . The incidence of lymph node metastasis is considered to be relatively higher in tumors with a superficially spreading growth pattern compared with the vertically infiltrating type, and the expression of p21 waf1/cip1 was lower in the superficial spreading tumors (19).
Lauren ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
However, we observed a strong positivity for p27 kip1 in all tumors and a greater positivity in the diffuse type cases, as previously reported (4-6,14) . The statistical analysis revealed greater positivity in the expression of p27 kip1 in normal mucosa adjacent to Sm1 tumors. Although there was expression of p27 kip1 in normal mucosa of Sm2 cases, there were fewer positive cells. We observed a progressive increase in the expression of p27 kip1 in normal, metaplasic and tumoral mucosa. H. pylori infection was found to induce AKT/PI3K-mediated phosphorylation of p27, leading to cytoplasmic p27 mislocalization in gastric cancer, which is an adverse prognostic feature in gastric cancer. This is important, as p27 has both tumor-suppressive and oncogenic properties related to its subcellular localization. Cytoplasmic mislocalization of p27 induced by H. pylori may be an important mechanistic link between H. pylori infection and gastric carcinogenesis (20) .
An association between hyperexpression of p16 ink4a in normal mucosa and perineural and vascular invasion was observed. Similar results were not reported in the literature (8, 14) . However, there was no correlation between increased expression of p16 ink4a (and p27
Kip1
) and lymph node invasion. Lymph node involvement was more frequent in p21 ras -positive cases (P= 0.023); inversely, cases with negative p21 ras expression in the tumoral mucosa, did not exhibit lymph node metastasis. However, this result contradicts the findings of Kim et al (21) , who did not identify a significant correlation between p21 ras positivity and lymph node metastasis in advanced gastric cancer. p21 ras positivity was not exclusively identified in tumor tissues, but was also described in non-neoplastic and normal tissues (22) . The expression of p21 ras is generally augmented in gastric adenocarcinoma and may be associated with worse prognosis. The correlation between lymph node invasion and hyperexpression of p21 ras may be useful for selecting therapeutic alternatives for patients with p21 ras -negative tumors (23, 24) . A significant increase in the incidence of lymph node invasion was observed in cases with marked immunohistochemical positivity for p53 in tumor samples (P= 0.042), as previously documented (4, 5) .
Lymph node involvement was also statistically related to tumor cell positivity for p21 waf1 . None of the gastric carcinomas with negative immunoreaction for p21 waf1 exhibited lymph node metastasis, and there was a higher frequency of lymph node involvement in cases with greater positivity for p21 waf1 , as previously documented (17, 25) . It was observed that 65.4% of the cases were positive for p21 waf1 , and a higher incidence of lymph node involvement was also found in patients with increased proliferative activity and loss of expression of p21 waf1 in tumor tissue (26) . The loss of p21 waf1 expression and the relapse and mortality rates of gastric cancer indicate that the expression of p21 waf1 is of prognostic value (25-27). Despite strong evidence supporting the role of p21 waf1 as a prognostic marker, this finding remains debatable (28) .
There was no correlation observed between the expression of p27 kip1 in the tumor and the presence of lymph node involvement in advanced cancer cases (29) . We did not identify a statistical correlation between the presence of lymph node involvement and the immunohistochemical expression of p16 ink4a . This is a conflicting result compared with previous reports (30, 31) . Although the expression of p16 ink4a is altered in gastric tumors, this alteration is considered to be secondary to p53 mutations (5) . In normal mucosa, the expression of p16 ink4a has been reported to be low (32) . In gastric tumors, the p16 ink4a expression is expected to be increased in intestinal and diffuse type tumors, but no significant difference in patients' life expectancy was reported (32) .
The p16 protein was expressed in >95% of the normal gastric mucosa, 92% of dysplastic gastric mucosa and in almost 45% of gastric carcinoma samples (32) . In addition, the expression of p16 in carcinoma metastatic to the lymph nodes was significantly reduced compared with the expression in the primary tumor (32) .
A gradual decrease of p21 waf1 , p27 kip1 and p16 ink4a immunoreactions was expected from the normal to metaplastic and tumor tissue; however, increased rates of immune positive reactions for all markers were observed. It was hypothesized that, in the early stages of cancer development, these mechanisms of cell regulation remain functional and, eventually become overexpressed in an attempt to prevent abnormal cellular proliferation. The progressive increase of the positivity for the protein markers in normal, metaplastic and tumoral mucosa occurred in parallel to the increase of the expression of p21 ras (which stimulates cell division), as well as p53 (which reflects the loss of the main pathway of cell maintenance control), the most commonly affected by mutations (33) . The increased p53 expression detected by immunohistochemistry is frequently indicative of mutations in the p53 gene (34) . This rationale may apply to p21 ras as well, since mutations are present in ~15% of the tumors, and, specifically in gastric cancer, direct mutations of p21 ras are less frequent (35, 36) . Mutations of the p16 gene in gastric cancer, however, appear to be uncommon, and the decrease in the expression of this protein in gastric cancer is considered to be secondary to other, still unknown mechanisms (37) . Additionally, mutations of the p27 kip1 and p21 waf1 genes are also reported to be infrequent (38) . The increased expression of these markers in early tumors is hypothesized to be an indirect consequence of an unknown mutation and̸or abnormal mechanism of controlling cell division. In summary, the analysis of the clinical characteristics and the immune expression of p53, p21 ras , p27 kip1 , p21 waf1 and p16 ink4a in patients with early gastric adenocarcinoma with submucosal invasion led to the conclusion that there is an important increase in the immunohistochemical expression of p53, p21 ras , p27 kip1 , p21
waf1/cip1 and p16 ink4a when normal tissue is compared with neoplastic parenchyma. There is also a positive correlation between higher tumor expression of p21 ras , p53 and p21 waf1/cip1 and the presence of lymph node metastases, which was not observed for p27 kip1 and p16 ink4a . Finally, tumors with Sm1 invasion exhibited a higher positivity for p21 waf1/cip1 , whilst overexpression of p16 ink4a in the normal mucosa was associated with perineural and vascular invasion.
